Introduction {#Sec1}
============

The European wildcat (*Felis silvestris* Schreber 1777) is catalogued as vulnerable (IUCN [@CR14]). The wildcat has a scattered distribution in Europe, where it has disappeared from much of its original distribution area, resulting in severe fragmentation of its populations. The Mediterranean area that includes the Iberian Peninsula represents one half of the distribution range of the species in Europe (Lozano et al. [@CR19]). According to García-Perea ([@CR11]), the wildcat population in Spain could have declined and experienced considerable fragmentation. Acknowledged threats are persecution, habitat loss, and hybridization with domestic cats. However, the importance of other factors of decline has been so far neglected. In particular, an increasing concern exists about the role of infectious diseases as a cause of decline of populations of some wild species (Smith et al. [@CR35]). Domestic cats are common in the dominant cultural landscapes of Mediterranean Europe, allowing for their interaction with wildlife and increasing the potential for disease transmission between domestic cats and wildcats. In fact, wildcats from a number of locations in northern Europe host viruses commonly found in domestic cats (McOrist et al. [@CR20]; Artois and Remond [@CR3]; Daniels et al. [@CR6]; Leutenegger et al. [@CR17]; Fromont et al. [@CR10]). Contact with the pathogenic Feline leukemia virus (FeLV) was detected in all these studies. Fromont et al. ([@CR10]) also detected infections with the Feline immunodeficiency virus (FIV). In contrast, Račnik et al. ([@CR23]) failed to detect evidence of contact with FeLV and FIV in wildcats in Slovenia.

Excepting a few parasitological studies (Torres et al. [@CR38]; Rodríguez and Carbonell [@CR26]), no information is available about the disease agents infecting the European wildcat in the Iberian Peninsula or other areas of the Mediterranean region. FIV, FeLV, and other feline pathogens are known to infect domestic cats in Spain (Arjona et al. [@CR2]; Solano-Gallego et al. [@CR36]). These disease agents might not only decrease the persistence of local wildcat populations through increased mortality but also in more subtle ways, e.g., altering the behavior or reducing the body condition and fitness of infected individuals (Scott [@CR32]). Furthermore, since the mechanisms of transmission between species of such disease agents are poorly known in the wild, wildcats could be involved in the epidemiology of infectious diseases that may pose a risk for sympatric rare endangered species, specially the Iberian lynx (*Lynx pardinus*), which have little contact with anthropic environments (Delibes et al. [@CR7]).

The aims of the present study were (1) to assess the seroprevalence against feline disease agents in free-living wildcats and (2) to examine whether prevalence, number of detected agents, and similarity between wildcats in the composition of the pathogens they were exposed to were related with sex, season, and body condition.

Materials and methods {#Sec2}
=====================

We studied a wildcat population in a 110-km^2^ area of eastern Toledo Mountains, southcentral Spain (39°18′ N, 3°45′ W). The study area consists of a mosaic of Mediterranean shrubland, cereal fields, and to a lesser extent, pastureland. Major land uses other than agriculture are game and sheep and goat husbandry. There are no towns or other forms of urban use, but the area contains scattered farms (0.1 farm/km^2^), most of them permanently inhabited, where free-roaming domestic cats and dogs are fairly common. Around 30 buildings aggregate in a 60-ha spot near the eastern end of the study area; a few are used as holiday houses; the other are virtually abandoned.

In the course of ecological studies, double-entrance box traps and padded no. 2 Victor coil-spring traps (Woodstream, Lititz, Pennsylvania) were placed during periods of 2--16 weeks across the study area. Trapping took place from winter (January--March) to summer (July--September), between 1991 and 1993. Twenty-two wildcats were caught and immobilized either with ketamine hydrochloride (Ketolar©, Parke-Davis, Spain) mixed with xylazine hydrochloride (Rompún©, Bayer, Spain), or with tiletamine-zolazepam (Zoletil©, Virbac, Spain). Wildcats were measured, weighed and classified as adults or juveniles (\<1 year old), on the basis of tooth wear, as well as signs of pregnancy or current (milk) or past lactation (hairless areas around nipples). Coat patterns, size, weight, and spatial behavior indicated these animals were not domestic or feral cats. Our sample consisted of five adult males, 15 adult females, and two juvenile females. Whole blood was obtained from venipuncture of the cephalic veins. Samples were collected in serum separator tubes and allowed to clot. Then, they were centrifuged at 2,000 rpm for 15 min, and the serum was removed. A fraction was subjected to biochemical analysis, and the rest was kept frozen at −20°C until examined for the presence of antibodies to disease agents. Since three individuals were caught twice, 25 serum samples were obtained. For each wildcat, body condition was estimated in two ways: (1) the residual of a regression line of (log) body weight (g) against (log) head plus body length (mm), and (2) the concentration of total cholesterol (mg/dl) in the serum. In mammals, it is well known that the intake of animal proteins increases plasma total cholesterol (Forsythe et al. [@CR9]; Sugano and Roba [@CR37]). Thus, we hypothesized that a higher concentration of serum cholesterol indicates a higher protein intake and a better condition. Morphological and biochemical estimates of condition were statistically independent (*r* = 0.373, *p* = 0.106).

Serum samples were tested using enzyme-linked immunoassay (ELISA) using commercial kits provided by Ingenasa (Madrid, Spain) and EVL-Eurovet (Madrid, Spain) to the following disease agents: FIV (Ingezim FIV©), FeLV (Ingezim FeLV gp-70©), Feline coronavirus (FCoV; Ingezim FCoV©), Feline calicivirus (FCV; F1008-AB02-Feline calicivirus antibody ELISA©), Feline herpesvirus-1 (FHV; F107-AB02-Feline herpesvirus antibody ELISA©), and *Chlamydophila* sp. (F1009-AB01-*Chlamydia* antibody ELISA©). Presence of antibodies against feline parvovirus (FPV) were determined using a test for canine parvovirus (Ingezim CPV©) using anti-cat IgG as conjugate, following the recommendations of the manufacturer. Finally, the presence of FeLV p27 was determined with ELISA for antigen detection (Ingezim FeLV-Das©). Each procedure incorporated positive and negative control sera according to the manufacturer's instructions.

We explored the univariate effects of sex, season, and body condition on the presence of antibodies against each considered pathogen with logistic regression. Then we fitted generalized linear models with Poisson errors to examine the effect of the same predictors on the number of disease agents per individual. Finally, we examined how similar the composition of pathogens was in each sample as a function of sex and season. For a given pair of serum samples A and B, we computed the simple matching coefficient (Krebs [@CR16]), $\documentclass[12pt]{minimal}
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Results {#Sec3}
=======

All the wildcats but one (95.4%) presented evidences of contact with at least one of the pathogens (mean = 2.2 pathogens/individual). Four wildcats revealed antibodies for one agent (18.2%), 11 for two agents (50.0%), three for three agents (13.6%), two for four agents (9.1%), and one for five agents (4.5%). Seroprevalences are shown in Table [1](#Tab1){ref-type="table"}. Exposure to FeLV and FCV was detected, respectively, in 81% and 80% of individuals. Antibodies against FPV, FHV, and *Chlamydophila* sp. were found in 20--30% of individuals. There was no evidence of contact with FIV or FCoV (Table [1](#Tab1){ref-type="table"}). Table 1Infectious agents for which evidences of contact were examined in a sample of European wildcat (*F. silvestris*) sera from southcentral Spain, ordered by decreasing prevalenceAgentPositive/testedPrevalence95% CIFeline leukemia virus Antibodies17/220.770.59--0.88 Antigen p273/200.150.04--0.37 Total18/220.810.61--0.93Feline calicivirus16/200.800.57--0.93*Chlamydophila* sp.6/220.270.12--0.50Feline herpesvirus-14/200.200.07--0.42Feline parvovirus4/220.180.06--0.39Feline immunodeficiency virus0/220.000.00--0.15Feline coronavirus0/220.000.00--0.15

Antibodies against FeLV were detected in 17 wildcats. Sera of two other individuals yielded an absorbance value between the positive and negative cutoffs. In addition, three wildcats resulted positive for antigen detection. One of them presented both antigen and antibodies. A second individual was sampled twice and presented antigen and antibodies only in the second sample, 1 year later. The third wildcat was also sampled twice, and in the first sampling, both tests were negative, but 2 weeks later, it presented antigenemia but not antibodies (see Table [2](#Tab2){ref-type="table"} for these and other cases of seroconversion). Table 2Serological results for wildcats sampled twice GM32 (♀, Ad)GM47 (♀, Ad)GM78 (♂, Ad)1st sampling 2nd sampling1st sampling 2nd sampling1st sampling 2nd samplingMay 3rd, 1991 May 18th, 1991June 14th, 1992 August 30th, 1993January 12th, 1994 March 1st, 1994FeLV AbNegative→NegativeUncertain→PositivePositive→PositiveFeLV p27Negative→PositiveNegative→PositiveNegative→NegativeFCVPositive→PositiveNegative→PositivePositive→NegativeFHV-1Negative→NegativeNegative→NegativePositive→Positive*Chlamydophila* sp.Negative→NegativePositive→NegativePositive→PositiveCode, sex, and age are given. All analyses were negative in these wildcats for FIV, FPV and FCoV

The prevalence of FHV in males was four times higher than in females, and these sexual differences were marginally significant (Table [3](#Tab3){ref-type="table"}). Prevalence was similar in both sexes for other agents, except *Chamydophila* sp. whose proportion in males was more than twice as high as in females, though differences were not significant. The seroprevalence of FHV in wildcats caught in winter was significantly higher than in samples obtained in other seasons (Table [3](#Tab3){ref-type="table"}). There was also a tendency for *Chamydophila* sp. to decrease its prevalence from winter to summer, whereas we found lower variation in seasonal prevalence for other agents. In general, the probability of having contacted a disease agent showed a weak association with indices of body condition. However, the probability of having antibodies against FPV had a significant inverse relationship with the concentration of serum cholesterol (Table [3](#Tab3){ref-type="table"}). A similar trend was found between this probability and the morphometric index of body condition. No apparent clinical signs were observed in any of the studied wildcats at the time of handling. Table 3Effects of sex and season on the prevalence of antibodies in wildcats sera Sex*Gp*Season*Gp*ConditionFemalesMalesWinterSpringSummerW/L*p*Chol*p*FeLV0.720.860.5420.4620.860.690.750.7030.703+0.556+0.601FPV0.170.140.0220.8830.290.080.251.7020.427−0.135−0.032FCV0.760.670.2140.6440.800.690.750.2310.891−0.731−0.797FHV-10.120.503.4520.0630.800.080.0011.5270.003−0.957−0.139*Chamydophila* sp.0.170.431.7730.1830.430.230.003.3860.184−0.589−0.318The *G* statistic indicates the results of logistic regressions (sex, *df* = 1; season, *df* = 2). The sign of the logit coefficient and its significance are shown for the effects of two indices of body condition (*df* = 1)*W/L* residuals of the regression log-weight vs. log-length, *Chol* serum cholesterol concentration

Poisson regression indicated that sex, season, and body condition did not explain a significant fraction of deviance in the number of types of antibodies found in serum samples.

Similarity in the composition of antibodies against disease agents (number and identity of detected and undetected antibodies) was significantly higher in pairs of female wildcats than in pairs of males or heterosexual pairs (one-way analysis of variance (ANOVA), *F* ~2,250~ = 4.27, *p* = 0.015; Fig. [1](#Fig1){ref-type="fig"}). The mean (±SE) simple matching coefficient in pairs of the same sex (0.67 ± 0.02) was significantly higher than in wildcat pairs of different sex (0.60 ± 0.02; *t* = 2.48, *df* = 251, *p* = 0.014). There was a seasonal pattern of similarity too. The composition of antibodies in winter samples differed from the composition in samples collected in other seasons more than the composition of spring--summer pairs of serum samples and more than the composition of pairs of samples collected during the same season (one-way ANOVA, *F* ~5,247~ = 6.71, *p* \< 0.001; Fig. [1](#Fig1){ref-type="fig"}). The mean (±SE) simple matching coefficient for pairs of wildcats caught during the same season (0.68 ± 0.02) was significantly higher than for pairs of wildcats caught in different seasons (0.61 ± 0.02; *t *= 2.55, *df* = 251, *p* = 0.011). Fig. 1Mean (+SE) similarity in the composition of the pathogen community in pairs of wildcat serum samples according to sex (upper panel) and season (lower panel)

Discussion {#Sec4}
==========

Observed seroprevalences {#Sec5}
------------------------

Seroprevalence to the different studied disease agents in the wildcat population of Toledo Mountains was either in the range of, or higher than, values previously reported in Europe (Artois and Remond [@CR3]; McOrist et al. [@CR20]; Daniels et al. [@CR6]; Leutenegger et al. [@CR17]; Fromont et al. [@CR10]). Active infections by FeLV were demonstrated in the studies quoted above. The FeLV antigenemia detected in the present study was in the range of the data by Fromont et al. ([@CR10]), McOrist et al. ([@CR20]), and Daniels et al. ([@CR6]) but was lower than that observed by Leutenegger et al. ([@CR17]). Our results may indicate that, as observed by McOrist et al. ([@CR20]) and in contrast with the observations in other wild felids (e.g. Citino [@CR5]), FeLV may be self-sustained in the studied wildcat population. However, transmission from domestic cats may also occur. Feline leukemia virus is fatal in domestic cats, and mortality related to FeLV infection have been reported in a free-living cougar (*Puma concolor*; Jessup et al. [@CR15]) and in a captive bobcat (*Lynx rufus*; Sleeman et al. [@CR34]). Similar cases have not been recorded in the European wildcat. For example, Leutenegger et al. ([@CR17]) did not find clinical signs in FeLV-infected wildcats. As a rule, no evident signs were observed in the wildcats during this survey, either seropositive or infected. This may indicate that most of the wildcats may survive the infection. Nevertheless, some undetected mortality due to feline leukemia may occur.

Eighteen percent of the wildcats presented antibodies against FPV. This value was higher than those reported by Leutenegger et al. ([@CR17]) and Ostrowski et al. ([@CR21]) by means of the immunofluorescence assay. Feline parvovirus causes feline panleukopenia (FPL), and mortality due to this syndrome has been observed in other wild felids (e.g. in bobcat, Wassmer et al. [@CR40]; or cougar, Roelke et al. [@CR30]). This disease is markedly harmful in kittens (Barker and Parrish [@CR4]). Thus, if wildcat kittens succumb often to FPL as observed in feral cats (van Rensburg et al. [@CR39]), this disease may have a substantial impact on productivity and thus on population dynamics. We found a negative relationship between indices of wildcat condition and exposure to FPV. The analysis performed detects IgG, thus indicating past infection. Then, it is difficult to explain an effect of a past infection with wildcat condition at the time of sampling. Since, as said above, FPL is especially harmful in young cats, some incorrect development due to the disease could promote a subsequent impaired condition. Anyway, relatively poor condition in FPV-seropositive wildcats, together with the observed low seroprevalence, could be due to FPV-associated morbidity or mortality, although our results are inconclusive in this regard. It is not known whether FPV is self-sustained in the wildcat population or domestic cats act as a reservoir. This virus is extremely resistant and can survive for months in the environment (Greene [@CR13]). Therefore, in addition to direct contact with a virus-shedding carnivore, habitat contamination by domestic cat feces may be a source of infection (Roelke et al. [@CR30]). Additional difficulties to interpret the moderate FPV prevalence we found arise from potential specificity problems (Ostrowski et al. [@CR21]), since the ELISA test utilized here does not allow determining if wildcats were infected by the feline or the canine parvovirus strain. Thus, not only domestic cats but also dogs and red foxes (*Vulpes vulpes*) could serve as sources of infection for wildcats, as suggested for the Iberian lynx (Roelke et al. [@CR31]).

We detected evidence of exposure to the three main agents involved in the feline respiratory syndrome (FRS), i.e. FCV, FHV, and *Chlamydophila* sp. Contact with FCV and FHV was also detected by Artois and Remond ([@CR3]), Daniels et al. ([@CR6]), Leutenegger et al. ([@CR17]), and Ostrowski et al. ([@CR21]), but the prevalences we found are markedly higher than those reported in these studies. As far as we know, we report here for the first time antibodies to *Chlamydophila* sp. (or antigenically related agents) in a wild feline species. Only Paul-Murphy et al. ([@CR22]) tested but failed to detect antibodies to chlamydial agents in cougars. Again, it is unknown whether these agents are endemic in the studied wildcat population or wildcats became infected after contact with domestic cats. Riley et al. ([@CR24]) found higher titers to FCV in bobcats from areas where domestic cats occurred, suggesting that FCV might have been endemic in domestic cats but not in bobcats. In contrast, Roelke et al. ([@CR30]) believed that the virus may be present in Florida panthers, with transmission similar to that in the domestic cat (a persistently infected mother-to-offspring pathway). We believe that the moderate to high prevalence of disease agents related with FRS suggests that (1) contacts between domestic and wildcats, the most feasible way of transmission of FHV and *Chlamydophila*, are frequent, and (2) FCV may be endemic in this wildcat population, the most likely way of transmission being from mothers to kittens. The pathological significance of these agents to wildcats is unknown. In domestic cats, morbidity of FRS is considerable, although mortality is low (Greene [@CR13]). Moderate or high seroprevalences suggest that this may be the case for wildcats, although some neonatal mortality may occur too.

The present study failed to demonstrate wildcat contact with FIV and FCoV. Both agents seem to be infrequent in other European wildcat populations (McOrist et al. [@CR20]; Daniels et al. [@CR6]; Leutenegger et al. [@CR17]; Fromont et al. [@CR10]). FIV might not be present in the studied population, although FIV antibodies are more likely to be found in adult, male cats (Sellon [@CR33]), and only five individuals belonging to this cohort were included in the present survey. The prevalence of FIV in domestic cat populations in Spain is around 8% (Solano-Gallego et al. [@CR36]; Arjona et al. [@CR2]). Thus, the occurrence of unrecorded fatal cases of feline immunodeficiency in European wildcats from Spain cannot be discarded. The observed low seroprevalence to FCoV may be due to a probable absence of the agent in the domestic cats of the study area. According to Addie and Jarret ([@CR1]), FCoV is more common in domestic cats in catteries than in pet cats kept singly or in feral or stray cats. The domestic cats inhabiting our study area can be better described as feral cats than household cats.

Season and sex-related differences {#Sec6}
----------------------------------

We found a relatively high seroprevalence to FHV in winter. Assuming that interbreeding may not be uncommon, we believe that transmission of FHV (and perhaps of other agents) may be enhanced during the annual population peak of wildcats and domestic cats in summer-autumn, which may explain a higher seroprevalence in the following winter. No season-related differences in prevalence of any of the studied agents was recorded in previous studies regarding wildcat (McOrist et al. [@CR20]; Daniels et al. [@CR6]; Leutenegger et al. [@CR17]; Fromont et al. [@CR10]; Ostrowski et al. [@CR21]) or other wild felines (e.g., Paul-Murphy et al. [@CR22]). In red foxes from Australia, Robinson et al. ([@CR25]) observed that the seroprevalence to Canine adenovirus presented the highest seroprevalence in winter--spring, suggesting that foxes became infected in the mating season more probably than prior to dispersal, which is in agreement with our hypothesis for FHV. Related with this, the observed higher seroprevalence of FHV and *Chlamydophila* sp. in wildcat males may be also related with higher rates of intra- and inter-species encounters because males tend to move more during the mating season (Liberg, [@CR18]).

We also observed a similar pattern of exposure to agents in wildcats sampled in spring and summer, whereas animals sampled in winter presented a different pattern. These results indicate that there are clear seasonal-related variations in the exposure to the agents. We hypothesize that, during winter, some mortality of wildcats may be related with the exposure to one or more of the studied agents. This fact could be linked with the higher seroprevalence to FHV and *Chlamydophila* sp. in winter samples: selective mortality associated to these pathogens would explain why these agents showed lower seroprevalence in the following spring--summer. Although both pathogens course with low mortality in adult domestic cats (Gaskell and Dawson [@CR12]), nothing is known about the clinical course of these infections in free-living wildcats. In some cases, a chronification of the disease in cats occurs, with clinical signs ranging from sneezing and nasal discharge to corneal edema and blindness (Gaskell and Dawson [@CR12]). The latter may be critical for survival in the wild, and some mortality related to these agents cannot be discarded.

Interestingly, the identity of agents to which females presented antibodies, as well as the identity of agents to which females were not exposed, were more consistent than the composition of infectious agents in males. In addition, the similarity in the results of tests for multiple agents in pairs of the same sex was significantly higher than in wildcat pairs of different sex. As far as we know, no similar findings have been previously reported for any wild species. This result, far from giving simple differences in seroprevalence among sexes, presents evidence of a different pattern of exposure among females and males to the studied agents. We suggest that, whereas the behavior of the females exposes them to a particular set of agents and prevents exposure to others, the behavior of males (with a higher movement pattern, especially among juveniles during dispersal and adults during mating) makes more unpredictable the type of disease agents they face.

Conclusions {#Sec7}
===========

Our study confirmed that wildcats in central Spain were in contact with five of the studied common feline pathogens, some of which exhibited high seroprevalences. It has not been determined to what extent these agents pose a risk for wildcat populations, although a negative relationship between seroprevalence and condition was found for FPV. Therefore, our results indirectly support the hypothesis that diseases may contribute to reduce individual fitness. In addition, during the period when wildcats were captured, the extremely endangered Iberian lynx was still present in Toledo Mountains (Rodríguez et al. [@CR29]) and thus potentially exposed to the studied pathogens. Since the causes of the marked regression of lynx populations in the last 30 years are multiple and have not been completely elucidated (Rodríguez and Delibes [@CR27]) and very little is known about natural causes of mortality (Ferreras et al. [@CR8]; Rodríguez and Delibes [@CR28]), we believe that diseases might be considered as a potential contributing factor of decline in the Toledo Mountains lynx population during the 1980s.
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